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Abstract  

Western flower thrips (WFT), Frankliniella occidentalis is an economically important insect pest of greenhouses. Typically, greenhouse producers apply pesticides, even as mixtures to mitigate WFT 

populations. This study assessed nine binary pesticide mixtures used in greenhouses under both laboratory and greenhouse environments. Bean-dip bioassays were performed to determine LC50 

values for each individual pesticide and the mixtures. In addition, greenhouse experiments were performed to evaluate the efficacy of the pesticide mixtures. Laboratory results indicated that the 

majority of the mixtures were synergistic with the exception of spinosad + bifenazate, which was antagonistic against WFT. The greenhouse experiments demonstrated that each binary pesticide 

mixture provided approximately 80% WFT mortality. 

Introduction  

Greenhouse producers apply pesticides as mixtures to 

mitigate populations of insect pests including western 

flower thrips (WFT), Frankliniella occidentalis (Cloyd, 

2009). A pesticide mixture is a combination of two or 

more pesticides in a single solution applied 

simultaneously (Brattsten et al., 1986; Roush, 1993; 

Cloyd, 2011). To obtain feedback from greenhouse 

producers on the most commonly used pesticide 

mixtures, surveys were conducted in 2007 and 2008 

(Cloyd, 2009). Respondents indicated nine binary 

mixtures used against WFT (Cloyd, 2009). However, 

despite the current usage of pesticide mixtures, there is 

little information available to assess if these mixtures are 

synergistic or antagonistic when applied against WFT.  

Materials and Methods 

Nine binary pesticide mixtures (Table 1) were 
evaluated using: 
 

Bean-dip bioassays (Fig. 1)  

• Five serial dilutions of each insecticide + water control; 

with four replications per treatment. 

• Approximately 15 adult female WFT were added to 

each vial. 

• SAS PROC PROBIT procedure (SAS Institute, 2002) 

was used to calculate LC50 values.  
 
Synergism/antagonism calculations 
• Combination index (CI) values were used to evaluate 

synergism or antagonism (Chou and Talalay, 1984). 
 
 
 
 

• Numerator: LC50’s for the mixture; Denominator: 
LC50’s for each formulated product. 

• CI=1 indicates additive; <1 = synergism; and >1 = 
antagonism. 

 
Greenhouse experiments (Fig. 2) 
• Yellow cut transvaal daisy (Gerbera jamesonii) flowers 

were infested with approximately 20 WFT two days 
before pesticide application. 

• Efficacy was evaluated 5 days after treatment.  

Results 
Bean-dip bioassays 
• Six pesticides did not have a definitive LC50 value calculated, 

azadirachtin (A and O), bifenazate, fenpropathrin, novaluron, and 
pymetrozine.  

• Seven mixtures were synergistic based on the calculated CI 
value. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

zLC501 = lethal concentration killing 50% of WFT population using the first pesticide alone. 
yLC502 = lethal concentration killing 50% of WFT population using the second pesticide alone. 
XLC50M = lethal concentration killing 50% of WFT population using the pesticide mixture. 

 

Greenhouse experiments  
• All mixtures containing abamectin provided approximately 80% 

WFT mortality (Fig. 3). 

• All mixtures containing spinosad and acephate provided nearly 
100% WFT mortality (Fig. 4).  

Discussion 

Laboratory results suggested that seven of the pesticide 

mixtures were synergistic based on CI Values. One 

mixture, spinosad + bifenazate was antagonistic under 

laboratory conditions, but there was no significant 

reduction in efficacy in the greenhouse experiments. 

This may have occurred because the labeled rate for 

spinosad is much higher than the rate needed to obtain 

an LC50. Furthermore, six of the pesticides did not have 

a definitive LC50 value calculated, but these pesticides 

are either not registered for use against WFT or not toxic 

to the adult life stage. All of the pesticide mixtures 

provided approximately 80% WFT mortality in the 

greenhouse experiments; however, mixtures containing 

abamectin + azadirachtin and abamectin + bifenthrin 

were significantly less effective compared to using the 

pesticides individually.   
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    Mixture (common name) LC501
z (g/mL) LC502

y (g/mL) LC50M
x (g/mL) CI 

  abamectin + azadirachtin (O) 148.80    >319.65   27.18 0.34 

  abamectin + pymetrozine 148.80  >3000.00   68.90 0.44 

  acephate + fenpropathrin  720.86  >5751.66 382.40 0.48 

  abamectin + azadirachtin (A) 148.80    >634.01            127.04 0.75 

  spinosad + novaluron     0.44    >994.56     0.34 0.77 

  spinosad + abamectin     0.44      148.80     0.37 0.84 

  spinosad + pymetrozine     0.44  >3000.00     0.38 0.86 

  abamectin + bifenthrin 148.80    1331.00 157.57 0.97 

  spinosad + bifenazate      0.44   >2396.52     1.79 4.07 

Objectives 

1) Evaluate synergism and/or antagonism of the 

currently used pesticide mixtures against WFT 

under laboratory conditions. 

2) Determine the efficacy of the currently used 

pesticide mixtures under greenhouse 

conditions.  

Future work 

Future work will focus on the efficacy of pesticide 

mixtures against field populations of WFT.  

Conclusions  

• Six of the 10 formulated pesticides used in the 

mixtures were not effective against adult WFT 

under laboratory or greenhouse conditions.  

• Seven pesticide mixtures appeared to be 

synergistic based on calculated CI values, under 

laboratory conditions. 

• All of the pesticide mixtures provided 

approximately 80% mortality against WFT under 

greenhouse conditions.  

Fig. 1. 
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Fig. 2. 

Fig. 4. P=pymetrozine; BZ=bifenazate; S=spinosad; N=novaluron; A=acephate; F=fenpropathrin; 
W=water 

Fig. 3. AB=abamectin; A(A)=azadirachtin (Azatin); A(O)=azadirachtin (Ornazin); B=bifenthrin; 
P=pymetrozine; S=spinosad; W=water 


